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There are currently no established standards or guidelines that define the functions te
present in habitats for use beyond Low Earth Orbit (LEO), or for the capabilities of those
functions. There is limited human experience with long duration space habitation, none of
which is beyond LEQ. There is significantly less experience witreven §ort duration human
habitation beyond LEO. Studies since the Apollo program that have proposed long duration
habitats have applied inconsistent functionality, yet these functions have substantial
implications for spacecraft mass and volumeThere are alsonumerous aspects of human space
flight beyond LEO that have implications for these functions This paper develops anethod
for design teams to identify and justify thefunctions and capabilities toinclude in long
duration habitats intended for use beyond_EO. Finally, human-in-the-loop testing methods
are recommended for use in the early spacecraft design stages to ensure that the habitat will
successfully provide the intended functios andcapabilities.

Nomenclature

ARED = Advanced Resistive Exercise Degi

BFS = Backup Flight Software

CEVIS = Cycle Ergometer with Vibration Isolation System
ECLS = Environmental Control and Life Support
EVA = ExtraVehicular Activity

GNC = Guidance Navigation and Control

GPC = General Purpose Computer

HDU = Habitat Demonsation Unit

HERA = Human Exploration Research Analog
HITL = Humanin-the-Loop Testing

ISRU = In-Situ Resource Utilization

ISS = International Space Station

LEO = Low Earth Orbit

LER = Lunar Electric Rover

MMSEV = Multi-Mission Space Exploration Vehicle
MPLM = Multi-Purpose Logistics Module

NEA = Near Earth Asteroid

ORU = Orbital Replacement Unit

PASS = Primary Avionics Software System
RFID = Radio Frequency Identification

RM = Redundancy Management

SME = Subject Matter Expert

T2 = Treadmill 2

VR = Virtual Reality

Spa

1 AIAA Senior Member, Habitability Design Center Manager, Habitability and Human Factors Branch, 2101
NASA Parkway, Mail Code SF3

1

Ame

rican Institute of Aeronautics and Astronautics



WCS
WHC

Waste Containment System
Waste and Hygiene Compartment

I. Introduction

NASA is leading the human spaceflight communéyconductiong duration missions beyond Low Earth Orbit
(LEO). While NASA has experienced short duration human spatetieyond LEO in the late 1960s and early 1970s,
long duration flight beyond LEO imposeggnificant habitability impacts that were not addressed in the Apollo
progmam Agencies and companies around the world are grappling with the implicationshafttitats necessary to
sustain crews for these missiof@ne of the most common questions faced by human factors practitioners on these
design teams is, fihow | arge does the habitat have to be
The sizeof such a spacecra#t heavily driven by what crew functions are needed onboard the h#8tyitdéfinition,
these habitats W have specific functionalityBut what will that functionality be? Concepts that have been proposed
around the world, 'm NASA Design Reference Missigne those of various aerospace compariiase varied
widely in the functionality described in their habitafss this is a new domain, there is no complete set of
internationally recognized standards for engineers to d@w to determine what crew functions must be present in
a long duration habitafrhis paper will propose a framework to develop rationale or justification for specific crew
functions and functional capabilities for long duration deep space habitation.

II. Historical Human Space Flight

The only long duration spacecraft to have flown to date are Mir and the International Space Station, both of which
are in LEO and neither of which have housed a crew for greater than 500 consecutikertagss at only abolt2%2
days, Apollo 17 sets the current duration record for human habitation beyond LEO

Neither the two space statiom®r Apollo, constitute a sufficient experience base to merely use historical examples
as the sole predictor of crew function and funct@apability. In the decades since Apollo, dozens of human
exploration studies have proposed long duration habitats, but the allocation of functions within these concepts has not
been identical. In fact, prior NASA studies, both mockup and paper studiesaplied inconsistent functionality to
deep space habitats. For instance, the Habitat Demonstration Unit (HDU), created under the Constellation program to
represent a lunar outpost and later modified to represent a Deep Space Halutatterblife sa@nce research with
the medical workstatiom its Deep Space Habitat asteroid mission configuratigtially, the HDU also included a
dedicated spacesuit maintenance workstation in the lunar version (in addition to a general maintenance workstation
focused on the habitat) but dropped it in the Deep Space Habitat version. By comparison, the Vertical Habitat created
under the Lunar Habitat Mockups Projegciconcept study initiated in the early days of the NASA Constellation lunar
programseparated life sence from medical operations and included a suit maintenance workstation. Crew functions
heavily affect overall spacecraft volume and configuration because each function occupies physical space in the
spacecraft and depending on the capabilities of thes#ions, they may or may not be able to share volume with
other crew functions

For purposes of this paper, Crew Function refers to t
meal consumption or maintenance. Function Capability desdhieegvel of performance of a particular function.
For instance, one habitat might support the function of medical operations with a shoe box sized first aid kit, while
another might support the same functidimedical operationwith a surgical tableadvanced telemedicine cameras,
large screen displays, surgical robasd eightspace shuttlenid deck lockers of medical instruments and supplies
The two habitats support the same function, but with very different capabilities

lll. Implications of Human Spac Flight Beyond LEO

There are key implications of human space flight beyond LEO that must be considered to determine appropriate
crew functions.Mission durations, transit and abort time, medical contingencies, maintenance contingencies,
perishablegsccommodation, and muitiehicle architectures all pose implications for crew functions.

Mission durations can be a result of both the mission objective and location of the destination. Orbital phasing in
particular will limit duration options. In Clisnhar space, the period of the destination orbit will require the spacecraft
to remain at Cislunar space before beginning a transit burn to return to Earth. On the lunar surface, there are additional
phasing considerations for an ascent vehicle to laandhrendezvous with a Cislunar or lunar orbiting Earth return
vehicle. For interstellar missions such as to Near Earth AstddiElas) or Mars vicinity where the spacecraft has
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departed Earthoés solar orbit, tshaeecraft muss reraam atity destirtateoh al i g
before it can depart to return to Earth. For missions within the Mars system such as Maroswfese there is a
crew departure from the orbit of the transfer vehicle, there is a phasing constraint wheneatimeust remain at
destination before it can return to the transfer vehicle. These phiadinged constraints require the crew to remain
at theirmissiondestination for cyclic intervals of time.

Even when the vehicle is able to return to Earth, trdinsé must be considered. In LE®hen the crew begins
a nominal entry sequence they can be on the ground in less than an hour. If theetawiig)in a separate entry
vehicle from the spacecraft used for the orbital day, there can be a periéelohaurs to days before entry burn
However, destinations beyond LEO are significantly further away and crew time to return to Earth increases sharply.
Transit time to/from Cislunar spaceaa the order of three to seven dagiependhg on propulsion sgtem. Transit
time varies considerably for NEAkependingn their orbital location. Potential destinations studied by NASA in the
20102014 timeframe include 16200+ day transits. This approaches transit times to reach the Mars system, generally
in the 68 month range. Additionally, depending on the orbital location of the Mars transit time, the transit time from
Mars surface launch to transit habitat docking can range from one to five days.

The combination of mission duration and transit times gdlgetafine the time the crew is away from Earth.
However, aborts will also have an impdctthe event of an iflight emergency in LEO, the crew can abandon ISS
and be on the ground in hours; less time if an arbitrary landing location is acceptablepptoximatelythe same
time as a nominal entry transit. However, once a spacecraft has begun a transit burn to depart LEO, an immediate
abort is no longer necessarily possible. In Cislunar or lunar missions, the spacecraft may have to contthee on to
lunar vicinity before it can begin a transit back to Earth. The same may be true for transits into interstellar space. This
means the spacecraft may have to provide nominal habitation capability for an extended period of time after the
emergency thatiggered arabort In worst cases, this duration may equal the original mission duration, effectively
negating the traditional concept of a mission abort.

Beyond the impacts of duration, transit, and abort, which impact the time the crew is in dpacobdrs have
strong impacts on the functions that must be present on the vehicle. Medical contingencies, while fortunately rare,
also pose strong implications. Medical contingencies includimitied response, postesponse recovery, and return
toEart h. The medical capability must be able to provid
condition deteriorates. Additionally, if the crew member requires@ostrgency treatment (e.g. broken limb), there
must be adequate prowsi. Finally, Earth entry vehicles (e.g. Orion, Soyuz) and surface ascent vehicles (e.g. Mars
Ascent Vehicle) are not designed with ambulance capability and thus certain medical conditions may preclude crew
transfer to those vehicleshereby requiring agriod of recovery time before the crew can transition to such a
spacecratft.

Just as the crew can experience unplanned contingerstiesan the spacecraft hardware. Maintenance
contingencies also have a significant impact. Three basic maintenancepifidgsdmave been used in LEO, but they
do not fully extend to deep space. NASA spacecraft up through the shuttle program employed a philosophy of
Redundancy Management (R&) achieve a program requirement fibail operational/falsafep meaning after om
failure in a system, the shuttle could still continue its mission and after a second failure, the vehicle could still return
to Earth safely1]. The shuttléhereforecarried redundant versions of subsystem components. For instance, it carried
five General Purpose Computers (GPCs), running two different software architectures, the Primary Avionics Software
System (PASS) and the Backup Flight Software (BFS). The shuttle launched with three GPCs running PASS software
with another running BFS. In the event of a failure, another computer would take over and if enough computers
failed the mission would be aborted and the crew would return to Earth early. Once the shuttle was back on the
ground, ground personnel would perform any needed maintenance aick.re This is not possible with the
International Space Station, since it never returns to Earth. Instead, most components of the ISS are designed as
Orbital Replaceable Units (ORUs), meaning they can be easily removed and replaced with a spandty Tinét fa
can then be returned to Earth for servicifddew Earthto-orbit capsules such as the Orion spaceadafthavesome
redundancybutthere is a greater emphasisRaliability, using components and systems with significantly reduced
probability d failure.

For long mission durationseyond LEQ the probability of failure over time is so greatttfeliability is not
sufficient. The mass impact of carrying redundant systems or er@Rghspares to cover all potential failures is
also prohibitive. This implies there must be a greater level of neiahce onboard the spacecraft, potentially rising
to include some forms of what the Department of Defense classifies as Intermediate Level and Depot Level
maintenance and repair. Intermediate Level ihatudimitedrepair of commoditypriented assemblies and end items
(e.g., electronic Abl ack boxesd and mechanical componet
requirements; repair of subassemblies such as circuit boards; saftagrtenance; and fabrication or manufacture
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of repair parts, assemblies, and comporientsand Dep ot Lmajor erépair,i onechiuly dreceompletd
rebuilding of weapon systems, end items, parts, assemblies, and subassemblies; manufacture chmpiaek; te
assistance; and testing?] Accommodating this level of maintenance capability may have a profound impact on the
entire spacecraft.

Spaceflight beyond LEO also has significant impactgerishables Food shelf life is an obvious immediate
conern, butfood isnot the only quantity with limited lifetime. Many medicines also have expiration dates. Some
science payloads, particularly those involving live payloads or biological samples, can also be copsitiaules
Even some maintenancedrepair supplies have limited lifetimes. Maximizing the lifetimes of these perishable items
may require special accommodation such as climate controlled environments or other environmental protection.

Many architectures for human missions beyond LE®Iwver multispacecraft vehicle configurations where the
long duration habitat is joined by othieoften short duratioih spacecraftA transit habitat may, in some architectures,
travel to/from Mars alone, but it is joined at the Mars end of the tran&iniolers At the Earth departure @islunar
staging end, it is joined by logistics modules, Orion or other capsule spacecraft, and potentially the Deep Space
Gateway or other staging platfor@imilarly, a surface base involves pressurized rovers, landeistics modules,
and potentially other pressurized surface elements in addition to the outpostTiselbng duration spacecraft
effectively becomes a f@dAmother shipo or fhome based in
spacecrafts the one that provides resources that the other spacecraft cannot.

IV. Duty of the Mother Ship or Home Base

In a deep space transit architecture, the transit habitat serves as the mothdnshijglanetary architecture, the
outpost is the home bade. either case, it serves as the location for primary crew habitattbe crew lives there
with the exception of relatively short periods in the other spacecrafis, it must provide all life support and other
subsystem function#.is also the site fomission coordination and planning activitias,well as psychosocial support
While some stowage mayr may not alsde in an attached logistics modutbe transit habitat or outpost will
generally contain the most frequently accessed stowage andwaash/ It must support both nominal and
contingency operations for both the crew and itself, including potentially extensive medical and maintenance
capabilities.

However, in a deep space architecture, neither a transit habitat nor an outpost is a solitary spacecraft unto itself.
Both are visited by, and/or permanently attached to, other spacettate other vehicles invariably rely on the
Aimot her s hei phoascero fhoaom support they cannot provide for
rover will have access to very limited medical and exercise capabilities and will experience some deconditioning
during the time the crew is onboard. When theyrreto their home base, the surface outpost, they will use the
habitatds greater exercise capability for rehabilitati:
any medical issues that may have arisen during the rover excursiormehgy al so rely on the outp
capabilities to service therovelh. hey may rely on the habit situdesearshona@& nce c a
subset of samples collected by the rover (e.g. those in excess of the Earth returnpeanigyparad thus not destined
for return to Earth). Finally, they may rely on the ha
processing, to restock the rover in preparation for subsequent excuhsionistogravity, a docked lagtics module
will rely on the transit habitat for attitude control and potentially life support for its pressurized elEx@mman Earth
access spacecraft such as the Orion capsule may rely on the habitat for contingency serviciengimdhanin-
flight maintenance issue that creates safety risks for return to Earth. Depending on whether it is on the surface or in
space, a lander vehicle may rely on either the microgravity or surface habitat for contingency maintenance and
resupply/servicing.

V. Crew Function and Capability Working Definitions

Crew functions can be grouped into general categories of living functions and working fungtimmgstunctions
include private habitation, hygiene, waste collection, meal preparation, meal consumptiorsagialipation and
recreation, exercise, and medical operatitungng functions can be defined #éise functions that must occur as a
consequence of the crew being alive, irrespective of the mission of the spa¥éorkiihg functionscan be defined
asthose as thatlerive directly from themission of the spacecraffhey include scientific research, robotics /
teleoperation€ VA operationsspacecraft monitoring and commanding, mission planning, maintenance, and logistics
operations

In this paper, e purpose of eachf the aforementioneélinctiors will be describedThen, examples oéach
function will be describeds implemented inurrent or historic spacecraft, or in spacecraft prototyfesatrix will
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be introdued that can be used in designnsato document justifications for each crew function and its associated
function capability, thus providing a more clear rationale for the inclusion or exclusion of various capabilities.

As previously mentioned, there are no internationally accepted stisnidere, so invariably different teams will
select different crew functions and function capabilities, but this template will reduce the likelihood of errors of
omission and will help to establisfcansciousiecisionmaking path.

VI. Function Capability Justification

I't is not wunusual in human spaceflight for a capabili
have it immediately dismissed for mass, cost, or other reafRm®etimes such a dismissal is later discovered to be
an ill-informed error Sucherrorscan lead to cost increases, schedule delays, and risksgimnsuccess or in worst
cases crew survivalThe temptation to dismig®r even outright forgeth function or capability that is not readily
justified (often by a nomxpert) can be fraught with potential danger. Hunsyssems are especially vulnerable to
this occurrence. Thegre far less deterministic than spacecraft structures or avionics, whose functional capabilities
are relatively easy to quantify and justifyPropellant loading requirement$or instance,can be calculate
deterministically and justified based on mission performance objectives. It is far more difficult to quantify exactly
how much volume a crew member needs for sleeping, or how much vigdaydiurface area is needed for performing
teleoperations, or how many microscopes must be onboard to enable mission s¢éetnaederestimation in these
living and working functional domains can result in increased crew frustration, reduced miséiwmaece, and
potentially even play leading or contributing roles in triggering life or mistiogatening contingencies(The
collision of the Progress freighter with the Russian Mir space station was in part related to inadequate function
capability ofthe TORU workstation used on the Mir to remotely fly the Prodi&@saMir permanently lost one of its
science modules and one crew quarters as a result of the coléjon. [
Having the right subject matter experts (SMESs) in the room is critical,, flbirisnstanceno more sufficient to
have a single fAscientisto to represent the domains of
represent all spacecraft subsystems.
This is illustrated most significantly by tHaunar Habitat Mockps Project The project team provided early
mockup concepts for a lunar outpost in the 20085 timeframe lts first study repurposed leftover hardware from a
prior NASA project (Bioplex) and outfittedreorizontallyoriented module as a lunar outposistronaut Mario Runco
isshowninFig.1i n t he mo c Kawpvérsthe glesignliteary included no scigrpeesentatioand failed to
include any science functionality in the design. This was not realized until the mockup was evaluated. -énfollow
low fidelity mockup, a vertical configuration corrected this error but included only two work volshmasn inFig.
2, one designated broadly fbiological science and‘trhe other for physical science.

Figure 1 Astronaut Mard Runco in Lunar Habitat Mockups Project Horizontal Habitat Galley
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Figure 2 Physical (left) and Biological Science (right) Workstations in Vertical Habitat

This continued to be the level of functional definition provided foersm throughout the Constellation program
One of the final outpost layouts developed prior to the cancellation of the Constellation program was the Lunar Surface
Scenario 12.1 lunar outpesthown inFig. 3, which included a Geo Lab workstation and a Bid workstation, with
no provision for any other science capability, with the limited exceptions that some medical research could be

accomplished in the medical workstation and with the crew exercise equipment, and that teleoperated science could
be condated from the cockpits of the Lunar Electric Rovers.

i

Figure 3 Scenario 12.1 Lunar Outpost

No volume had been allocated in the outpost for sciences such as chemisitisticscryogenics combustion
fluid science materialssciencephysics andoptics despite the fact that such sciences carry active experiments today
on ISS and the potential easily exists for the same sciences to have research interests on the Moon. Since advocates
of those disciplines are not typicallyrfded to participate in early habitat concept development, the need for their
inclusion was not apparent to the design teams.

Spacecraft design teams can obtain more consistent, objective, and indissifieajion of eachpotential

capability utilzing SME expertise to complete a Function Capability Matgroposed in this papexrs a way to
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document, compile, and synthesize the insightapgropriateSMEs related to each functiaand its associated
capabilities It should be noted that this matrix onbstifies the inclusioror exclusionof functions and capabilities.
It does not identify how any might be combined;@cated, or otherwise architecturally arranged.

VII.  Function Capability Matrix Description

A separate Function Capability Matrix is useddach function. Within the matrix, for each capability, a capability
description must be entered by the designer. This provides a description of the intended capability in a way to let the
designer communicate intent to the SMEs. Forinstance, farthgg abi | ity of @Atwo person
may indicate that two persons can meet, facing each other with unobstructed line of sight, with at least six inches
separation between the nearest body parts of the two. The SMEs can then provide anpgrosunknowns related
to the intended capabilitys well as related commentk should not be blindly assumed that all listed capabilities
are important for any long duration habitat. Nor should it be blindly assumed that capabilities cartrdeyarbi
reduced oeliminatedto meet mass, volume, or other targethere is no substitute for an informed review of each
potential capability with the inputs of appropriate SMEs.

A. Living Functions
1. Private Habitation

Purpose

Private habitatiorencompasses those functions performed by the crew in isolation from other crew, excluding
hygiene and waste functions. NASSVTD-3001 requires private quarters for crew for missions greater than 30 days
in duration p], but does not specifically define tiapabilities of private quarterdt also requireprivate audio and
video, which could potentially be docated with private quarters.

The range of capabilitiefer private habitatiortan be expressed in both environmental and operational domains.
Environmentally, private quarters can encompass visual, auditory, olfactoryaetild separationair temperature
and flow controlyadiation protectiornand lighting control. Operationally, private quarters can inctlicket window
viewing, single persomersonalcomputing (including data entirpanipulation video watching, etc.physical work
surface accessonsleep rest/relaxationmeditation, stretchingwo person meetingsnacking, changinglothes,
viewing appearancejideo commurgation andaudio communicatiaon

Examples

On the International Space Station, private habitation is provided by means of a private crew quarters volume
slightly larger than a payload rack. Figuteshows an ISAmericancrew quarters as outfitted for h#dgion by
Astronaut Scott Kelly.

Figure4 1SS American Crew Quarters

Skylab provided a similarly sized crew quarters, as does the Russian segment of the ISS, as indicabeghith Fig
6 respectively. In general, the three crequarters designs are roughly similar in volume, though based on visual
inspection it appears that the ISS American and Russian crew quarters considered rat@epiomg activitiegnote
the computer configurationjvhile the Skylab crew quarters appearfi@ve only considered the need to sleep. This
may imply a level of design maturity between the 1970s era Skylab and the more modern International Space Station
as well as opportunities introduced by the advent of laptop and tablet PC techndtdgialso worth noting that the
ISS American crew quarters incorporate radiation protection into the crew quarters structure. This has been a de facto
assumed capability of crew quarters in many design studies within the past decade, however it is woaitiatsimg
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SME knowledge to determirthe appropriate approach to radiation protection, which may impact which functions
include radiation protection @spabilities Alternative solutions to lining the crew quarters walls meigt for some
habitation senarios

|

v - > i

.Figure6 ISS Zvez‘i\/lo ule Russian Crew Quarters

Appropriate SMEs
Avionics, Behavioral Health, Environmental Control and Life Support (ECLS), Human Factors, Logistics,
Medical, Mission Control, Astronaut Officéndustrial Design, Architecture, Habitability, Materigi&adiation

2. Hygiene

Purpose

Hygieneincludespractices conducive to maintaining health and preventing disease, especially through cleanliness
as well as activities to maintain personal appearance. N&HA3001 requiregrivacy specifically for body
cleansing §], but does not address whether othggiene practices should or should not be private. It does require
hygiene provisions for each crew member and the capability to sterilize personal hygiene faciliigsigment $].

Similar to private habit at ilsmbeexphreysgdingainesdfenviroamegt@andf c ap
operational domains. Environmentally, hygiene can enconyi&isasl, auditory, olfactory, antctile separationair
temperature and flow control, and lighting control. Operationally, hygiene can includ®dy cleaning, facial
cleaning, hand cleaningphysical work surface access, viewing appeararar@l hygiene, shaving, hair
styling/grooming, finger/toe nail clipping, and skin care.

Examples

The ISS does not provide a separate, enclosed area for éydiestead it is practiced in a variety of locations
such ashair groomingin the aisle of Node 3, as shown in Fiy Anecdotalevidence suggests the crew found the
toilet an unacceptable location for hygiene and due to a lack of any other location they perform hygiene activities
wherever they can find the best (to them) alternatiskylabsimilarly provided relatively littleprivacy for hygiene
with the notable exception of body hygiene. Skylab developed a zero gravity shower, showB.itURfgrtunately,
the shower was notoriously burdensome to use and no spacecraft since have attempted showers.
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' 'Ifigure7 Hair Groomin on ISS

er

it
Figure 8 Skylab Show

Appropriate SMEs

Behavioral Health, Environmental Control and Life Support (ECLS), Human Factors, Medical, Astronayt Office
Industrial Design, Architecture, Habitability, d¢erials

3. Human Waste Collection

Purpose

Human waste collection includes the collection, containment, and disposal of the various wastes generated by the
human body including urine, feces, vomitus, and menses. N&HA3001 defines numerous standardsteslao
human waste collectiord].

Human waste collection shares the previously mentioned potential environmental capabilisaalpfuditory,
olfactory, andactile separationair temperature and flow control, and lighting control. Operationallgan waste
collection includediquid waste collection, solid waste collectigmgstwaste release private bodily séispection
and cleaning, hand cleaning, and facility/equipment cleaning/sanitation and maintenance.

Examples

Both the Space Shuttle Qtdr and the ISS provided human waste collection volumes, as shown dfig10
respectively. The shuttle Waste Collection System (WCS) used a combination of a hard door and curtains to obtain
limited visualprivacy. (There were gaps in the curtaimten deployed.)The ISS Waste and Hygiene Compartment

(WHC) was initially placed on the Destiny US Laboratory module, but later moved to Node 3. Similar to the shuttle
WCS, the WHC uses curtains to provide viguaracy:.
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Figu;e 101SS ‘\-/\\/aste and Hygiene Compartment

Appropriate SMEs
Behavioral Health, Environmental Control and Life Support (ECLS), Human Factors, Medical, Astronaut Office,
Industrial Desig, Architecture, Habitability

. Meal Preparation

Purpose

Meal preparation includes the preparation and allocation of food to the crew for consurmppténtially
including both prepackaged and fresh foddASA-STD-3001 defines relevant standards related to food and
nutrition [5].

Meal preparation includes the environmental capabilities of air temperature and flow control and lighting
control. Operational capabilities foreml preparatiogan be dividednto basic and advanced capabilities. Basic
operationatapabilities include rehydration, food warming, food item sorting siltand food equipment hygiene,
and facility/equipment cleaning/sanitation and maintenan&dvancedoperationalcapabilities mclude plant
growth, plant harvesting, plant processing, aquatic animal growth, small animal growth, meat processing, food
packajing, food chilling, and food cooking.

Examples

The space shuttleds gall ey i s i tstuttlewgallekshowdartinFgn dev ot «

11, contained no dedicated environmental capabilities and only the basic operational capabilities of rehydration
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and food warming. Sorting, utensil and food equipment hygiene, trash stowage, and facility/equipment cleaning
wereperformed with other resources onboard the vehicle.

A

Figure 11 Space Shuttle Galley

The US segment of the ISS has a galley, showfignl2, that is a slightly upgraded version of the shuttle
galley. In additiontotheshut | e6s capabilities, the | SS al plant adds t |
growth and plant harvesting with plant chambers located separately from the galley, skayt3n The plants

do not replace the prepackaged food, but provide osiyall supplement.

Figure 131SS Plant Growth Chamber
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Appropriate SMEs
Behavioral Health, Crew Systems, Human Factors, Logistics, Medical, Food Science/Nutrition, Astronaut Office,
Industrial Design, Architecture, Habitability

. Meal Consumption
Purpose

Meal consumption includedaily consumption of food and beverage, including both scheduled meals and
snacks NASA-STD-3001requires that crew be able to dine togeflér

Meal consumption includes the environmental capabilities of air temperature and flow control and lighting
control. Operational capabilities for meainsumption include full crew accommodati@straint, dining surface,
accessible mounting of condimendgrect wirdow viewing,audio displayandvideo display
Examples

The ISS wardroonshown in Fig. 14 is a deployable table that can accommodateps#tioned condiments.
Depending on ISS crew size (has varied over history of ISS expeditions), the wardroors tH#i#e able to
accommodate the entire crew.

Figure 14 1SS Wardrm

Appropriate SMEs
Behavioral Health, Crew Systems, Human Factors, Medical, Food Science/Nutrition, Astronaut Office, Industrial
Design, Architecture, Habitability

. Group Socialization and Recreation

Purpose

Group Socialization and Recreation includes interaction of two or more crew members, up to and including
the entire crew complement. NASATD-3001 only requires that there must be recreational capabilities for the
crew to maintairbehavioraland psychologal health §], but does not define what those capabilities might be.
This paper recommends that group atitéa should be part of the solution set.

Group Socialiazation and Recreation environmental capabilities include temperature and flow control and
lighting control. Operational capabilities includiect window viewingyideo/movie viewing, computer based
games, tabletop games, athletic games, and artistic/creative recreation.

Examples

Skylab did not contain dedicated recreational facilitieshbatiuse of the large, open volumes in the spacecraft
the astronauts were able to improvise. Figilbshows a Skylab astronaut running (for fun, not for exercise) on
top of the stowage lockers that ringed the Orbital Workshop (the largest pressurimmd aeSkylab). NASA
video footage shows entire thrperson crews running together on top of these lockers, playing gymnastics around
them, and tumbling in other ways through this open sp&tgure 16 shows astronauts aboard the International
Space Stizon playing with a soccer ball
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Figure 16 ISS Astronauts PIayin Sccer

Appropriate SMEs
Behavioral Health, Crew Systems, ECLSS, GNC, Human Factors, Astr@idice, Industrial Design,
Architecture, Habitability, Structures

. Exercise

Purpose

Exercise isequiredto counteract the adverse physiological effects of reduced gravity and must provide aerobic
conditioning, muscular conditioning, counteract bone losgjntain sensorimotor capability, and support
psychologicalwell-being Some exercise protocols are also involved in treatment of decompression sickness.
NASA-STD-3001 contains multiple requirements for spacecraft exercise capabilities asexell dmne, muscle,
sensorymotor, andcardiovascular standards for crew healh [

Exercise capabilities can be grouped in terms of environmental, physiologicalparational capabilities.
Environmentally, exercise can encompass visual, auditory, olfactodtactile separationair temperature and
flow control, and lighting control. Physiologically, exercise can include aerobic, resistive, bone loading, and
sensorimotor. Operationally, exercise can include sweat barricade, audio display, video didpdaya @ntry.
Examples

The International Space Station uses three exercise devices for US astronauts, a cycle ergometer (CEVIS), a
treadmill (T2), and an Advanced Resistive Exercise Device (ARED). ARED, showig.ii7 is one of the
largest exercise d&esever flown in spaceand work is currently underway to develop new resistive exercise
devices with lower mass and volume requirements that can still meet astronaut physiological needs. Some of these
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new devices are likely to see service on eitherQhien capsule or the Gateway spacecraft, both of which are

relatively short duration vehicles. However, as of the time of this research, the ARED is the only resistive exercise

device that meets US astronaut requirements for long duration spaceflight.
N\ TR . 7T

e

Figure 171SS Advanced Resistive Exercise Device

Appropriate SMEs
Behavioral Health, Countermeasures, ECLSS, Human Factors, Astronaut Office, Industrial Design, Architecture,
Habitability, Structures

. MedicalOperations

Purpose

An onboard medical capability is necessary to provide health care for the incdwsive of preventative
medicine, emergency medicine, and medical reseNM&SA-STD-3001 defines numerous medical requirements
and specifies a level of care based on a gamedatype of mission and locatiof][

Medical capabilities can be described in terms of environmental, opefataord treatment capabilities.
Environmental capabilitiesan encompass vial, auditory, olfactorytactile, and dataeparationairtemperature
and flow control, and lighting control. Opedr@tal capabilities maynclude audio communication video
communication private telemedicine, computer data entry/manipulatéo two person meetings. Treatment
capabilities may includspace mtion sickness, first aid, anaphylaxis response, clinical diagnostics, ambulatory
care, trauma care, medical imaging, dental care, autonomous advanced life support, and basic surgical care
Examples

There is no dedicated medical facility on the Internai@pace Station. Instead, medical supplies are stored
in stowage bags and medical treatment is provided in any location selected by the crewl&sgaves medical
equipment deployed to perform an ultrasound in the ISS Columbus laboratory modulee eSploration
conceptual designs have experimented with dedicated medical facilities. The NASA Habitat Demonstration Unit
(also known as Human Explorati®tesearctAnalog or HERA) is an analog spacecraft mockup that includes a
Medical Operations Workstah, shown irFig. 19 Not visible in figurel9is a deployable surgical bed that stows
under the workstation desk/work surface.

14

American Institute of Aeronautics and Astronautics



Figure 181SS Ultrasound Medical Treatment

Figure 19 HDU MedicalOperations Workstation

Appropriate SMEs
Medical, Human Factors, Astronaut Office, Industrial Design, Architecture, Habitability

. Working Functions
. Scientific Research

Purpose

Scientific research is one of the primary purpose of human spaceflight. Humasisdrdestinations in space,
whether orbital or surface, in order to understdradestination environmeninderstand Eartbr the rest of the
universe from the destination environmesgarch for native life in the destination environmemt understad
how to extend terrestrial life to the destination environmeNASA-STD-3001 contains numerowsgtandards
relating to the configuration of scientific workstations, especially as related to displays, controls, and information
managements].

Scientific research capabilities can be groupedemvironmental, operational, and domain capabilities.
Environmental capabilities can include encompass visual, auditorgladaseparatiopair temperature and flow
control, and lighting control. Opeiabal capabilities encompass computer display and control interface
(including displays, data entry devices, and hand controllphg)sical work surface acceds|esciencedirect
window viewing,video communicationandaudio communication Potential @main capabilities includspace
medicine,human factors and habitabiljtfood & nutrition, human health countermeasures, space radiation,
environmental health, cellular and molecular biology, botany, animal science, entomology, mammalogy,
herpetology, amithology, ethology, zoography, biotechnology, genetics, mycology, chemistry, acoustics,
cryogenics, combustion, fluid science, materials science, physics, optics, astronomy/astrophysics, heliophysics,
meteorology, planetary sciencessitu resource utifiation, robotics, and engineering/technology prototyping and
testing.
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